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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to transmission 
devices, and more particularly, to a transmission device 
that performs a transmission control on a ring network. 

(2) Description of the Related Art 

As is known, SDH/SONET has been standardized as a 
signal hierarchy multiplexing system in digital 
transmission, and development of economical digital 
networks has been progressed. A BLSR (Bi-directional Line- 
Switched Ring) has been widely employed as a ring-shaped 
network configured by SONET nodes . The BLSR is a ring 
network in which each route between nodes is doubled in 
two ways, and if a fault occurs in one of the routes in 
two ways, the traffic flow is switched to the other route. 

For a BLSR involved in OC-48 (2.488320 Gb/s) 
consisting of CHI through CH48, CHI through CH24 are 
assigned to the working path group, and CH24 through CH48 
are assigned to the protection path group. That is, 24 
channels are assigned to each path group, and half of the 
channels is ensured for protection. 

A fault is bypassed in the BLSR as follows. If a 
fault occurs in a line including the working path group, 
all of the 24 channels of the working path group is 
forcedly replaced by the channels of the protection path 
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group in the reverse direction. Even when some channels of 
the protection path group is used for communications , 
these channels are used to save the working path group. 

The recent technology focuses on a fault 
restoration control called NUT (Non-preemptable 
Unprotected Traffic) . By setting NUT, it is possible to 
avoid using some channels for restoration. In the above- 
mentioned example, if CH2 is set as NUT, CH2 is not 
switched for restoration. There are two types of NUT, a 
basic NUT and an enhanced NUT. 

FIG. 21 is a diagram for explaining the basic NUT. 
Nodes 101 - 104 configure a BLSR network. Routes that 
connect two adjacent nodes among nodes 101 - 104 are spans 
Spl — Sp4 . In the basic NUT , NUT is set to a pair of 
channels in the working and protection path groups . NUT is 
also set to all spans of the ring network. For example, 
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channel used for restoration, CH25 in the protection path 
group is also placed out of a channel for restoration. NUT 
is set to all of the spans Spl - Sp4 . 

FIG. 22 is a diagram for exampling the enhanced 
NUT. NUT is set, on the span basis, to each of the 
individual channels in the working path group and each of 
the individual channels in the protection path group. For 
example, NUT may be set to only span Spl so that CHI in 
the working path group is placed out of a channel used for 
restoration, and may be set to only span Sp2 so that CH48 
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in the protection path group is placed out of a channel 
for restoration. 

However, the conventional NUT setting control 
cannot set NUT efficiently and easily because the operator 
is needed to provide each node with an instruction for 
setting NUT. In other words, the conventional NUT setting 
control does not employ an automatic configuration of 
setting NUT efficiently in the ring network. 

There is also another disadvantage in that, if 



Q 10 information used to set NUT is not correctly transferred 
to each node during establishment of the NUT setting 

o 

-A because of a fault or the like, erroneous NUT setting may 
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be established. This may degrade working efficiency and 
□ transmission quality. 
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Taking the above into consideration, an object of 
the present invention is to provide a transmission device 
capable of automatically configuring NUT setting 
efficiently and precisely. 

The above object of the present invention is 
achieved by a transmission device performing transmission 
control on a ring network comprising: a setting 
information relay unit relaying setting information that 
places a specific channel out of a channel used for 
restoration; a channel establishment unit determining, by 
referring to the setting information, whether a channel of 
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interest should be placed out of a channel for restoration 
and establishing the channel; and a route switch control 
unit recognizing a section in which the channel that is 
not used for restoration has been established and a fault 
bypass control condition at the time of occurrence of a 
fault and performing a route switching control based on a 
result of recognition. 

The above and other objects, features and 
advantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of the principles of a 
transmission system according to the present invention; 

FIG. 2 is a diagram of an operation from setting 
of NUT to its establishment; 

FIG. 3 is a diagram of an operation from setting 
of NUT to its establishment; 

FIG. 4 is a diagram of a configuration of a node; 

FIG. 5 is a diagram of an operation from setting 
of NUT to its establishment; 

FIG. 6 is a diagram of an operation from setting 
of NUT to its establishment; 

FIG. 7 is a diagram of an operation from setting 
of NUT to its establishment; 



FIG. 8 is a diagram of a configuration of a node; 
FIG. 9 is a diagram of a format of NUT setting 
information ; 

FIG. 10 is a diagram of the content of each bit; 
5 FIG. 11 is a diagram of the content of each bit; 

FIG. 12 is a diagram of the content of each bit; 

FIG. 13 is a diagram of a table that describes the 
correspondence between a write address and a NUT channel ; 

FIG. 14 is a diagram of a table that describes the 
U 10 correspondence between a write address and a NUT channel; 
'";t FIG. 15 is a diagram of the operation of a route 

y switch control unit; 

FIG. 16 is a diagram of the operation of the route 

* . switch control unit; 

O 

w 15 FIG. 17 is a diagram of the operation of the route 

o 

HI switch control unit; 
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FU FIG. 18 is a diagram of the operation of the route 

switch control unit; 

FIG. 19 is a diagram of the operation of the route 
20 switch control unit; 

FIG. 20 is a diagram of the operation of the route 
switch control unit; 

FIG. 21 is a diagram for explaining basic NUT; and 
FIG. 22 is a diagram for explaining enhanced NUT. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



FIG. 1 is a diagram of the principles of a 



transmission system of the present invention. A 
transmission system 1 is a ring network in which 
transmission devices (nodes) 10 are coupled via 
transmission media L such as optical fiber cables in a 
5 ring shape. The transmission system 1 is capable of 
performing a control of channel restoration. The following 
description is directed to a case where the transmission 
system 1 of the present invention is applied to BLSR in 
the SONET ring. 

10 Each of the transmission devices 10 is made up of 

a setting information relay unit 11, a channel 
establishment unit 12 , and a route switch control unit 13 . 
The setting information relay unit 11 relays setting 
information that indicates a specific channel to be unused 

15 for restoration. Hereinafter, NUT setting is defined as 
setting of a specific channel that is to be placed out of 
a channel used for restoration. 

Setting information (NUT setting information) has 
NUT table information, which includes 1) a start 

2 0 transmission device ID and an end transmission device XD 
that define the start-end section in which NUT should be 
set to a channel, 2) information that indicates the type 
of NUT, namely, the basic NUT or the enhanced NUT, and 3) 
information that indicates the relay direction, namely, 

25 the east direction or west direction. The NUT setting 
information is inserted into D types out of the SONET 
overhead bytes (which will be described later with 
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reference to FIGS. 9 through 12) . 

The channel establishment unit 12 refers to the 
NUT setting information and determines whether the 
transmission device having the present unit 12 should set 
NUT to the involved channel. If it is determined that NUT 
should be set, in other words, if it is determined that 
the present transmission device is located in the NUT 
establishment section, the unit 12 recognizes the channel 
to which NUT should be set via the designated write 
address into which table information should be written. In 
this manner, NUT to the involved channel is established. 
The information on the channel with NUT being established 
is retained in a register. 

The route switch control unit 13 recognizes a 
fault bypass control condition in BLSR that is obtained in 
the NUT-established section and at the time of occurrence 
of a fault, and performs route switching based on the 
recognized result, as necessary. The route switch control 
unit 13 will be described with reference to FIG. 15 and 
some following figures . 

Next, a description will be described of an 
operation from NUT setting to establishment. FIG. 2 is a 
diagram showing a sequence from NUT setting to 
establishment. FIG. 2 shows a part of a BLSR network in 
which transmission devices are connected in a ring 
formation via two links. Hereinafter, these transmission 
devices are referred to as nodes . Each of rinks LI and L2 



has the working path group and the protection path group. 

A fault can be avoided or bypassed as follows . If 
a line fault occurs when the working path group of the 
link LI is working, the fault is bypassed by the 
5 protection path group of the link L2 . If a line fault 
occurs when the working path group of the link L2 is 
working, the fault is bypassed by the protection path 
group of the link Ll . Here, the node Nl is the start node 
for NUT setting, and the node N3 is the end node therefore, 
10 The NUT setting and establishment is performed between the 

M 

P nodes Nl and N3. 

a 

At step SI, the operator describes NUT setting 

! 4 I ■ 

is! information in the start node Nl . The NUT table 

kQ 

is information in the NUT setting information describes that 

a 

y 15 the start node ID and the end node ID are respectively Nl 

o 

jjl and N3 and the relay direction is that from the west to 

ifj the east. 

At step S2 , the channel establishment unit 12 in 
the node Nl establishes NUT to the involved channel on the 
20 basis of information externally set. The channel that is 
to be established as NUT is determined based on the write 
address for the NUT setting information (which will be 
described later with reference to FIGS. 13 and 14) . 

At step S3, the setting information relay unit 11 
25 in the node Nl relays the NUT setting information. In this 
case, the information is relayed to the node located in 
the relay direction indicated by the NUT table information 
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(in the case being considered, the information is relayed 
to the node N2 because the west-to-east direction is 
designated) . 

At step S4, the channel establishment unit 12 in 
the node N2 recognizes that its own is a node located in 
the NUT-established section from the relayed NUT setting 
information, and establishes a channel to which the NUT 
should be set. The setting information relay unit 11 
refers to the NUT table information and sends the NUT 
setting information to the node N3 located in the 
direction indicated by the NUT table information. 
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jfi At step S5, the channel establishment unit 12 in 

w 

V3 the node N3 recognizes that its own is a node located in 

P the NUT-established section from the relayed NUT setting 

UJ 

Q 15 information, and establishes a channel to which the NUT 

m 

Q should be set. The setting information unit 11 refers to 

fU 

the NUT table information and recognizes that its own node 
N3 is the end node, then stopping relaying the NUT setting 
information . 

20 In the above-mentioned manner, the NUT setting 

information is externally set in the setting information 
relay unit 11 of the start node, so that the NUT setting 
information is relayed from the start node and the end 
node and the channel to which the NUT should be set can be 

25 established. 

Next, a description will be given of an operation 
in which NUT setting information is set via an arbitrary 



node whereby a NUT channel is established between the 
designated sections. FIG. 3 is a diagram of a sequence 
between the NUT setting and establishment. PIG. 3 shows a 
BLSR network in which nodes Nl — N6 are connected via 
5 links LI and L2 . In the following description, the node Nl 
is the start node for NUT setting, and the node N3 is the 
end node. Then, NUT is established between the nodes Nl 
and N3. 

At step Sll, the operator sets NUT setting 
J!*' 10 information in the node N5 that is an arbitrary node. The 
NUT table information in the NUT setting information 

Wi! describes that the start ID and the end ID are 

'M 

m respectively Nl and N3 and the relay direction is that 

'M 

js from the west to the east. Further, the NUT table 

O 

fjj 15 information has an item indicative of the sender node ID, 

o 

IJ1 which is N5 in the case being considered. 

.0 

ftj At step S12 , the channel establishment unit 12 in 

the node N5 recognizes that its own is not a node located 
in the NUT-established section. The setting information 
20 relay unit 11 relays the NUT setting information. In this 
case, the NUT setting information is sent to the node 
located in the direction indicated by the NUT table 
information (node N6 since the west-to-east direction is 
designated) . 

25 At step S13, the channel establishment unit 12 of 

the node N6 recognizes, from the relayed NUT setting 
information, that its own is not a node located in the 



NUT-established section. The setting information relay 
unit 11 refers to the NUT table information and sends the 
NUT setting information to the node Nl . 

At step S14, the channel establishment unit 12 in 
the node Nl recognizes that its own is a node located in 
the NUT-established section from the relayed NUT setting 
information, and then establishes a channel to which NUT 
should be set. The setting information relay unit 11 
refers to the NUT table information, and sends the NUT 
setting information to the node N2 . 

At step S15, the channel establishment unit 12 in 
the node N2 recognizes, from the relayed NUT setting 
information, that its own is a node located in the NUT- 
established section, and establishes a channel to which 
NUT should be set. The setting information relay unit 11 
refers to the NUT table information, and sends the NUT 
setting information to the node N3 . 

At step S16, the channel establishment unit 12 in 
the node N3 recognizes, from the relayed NUT setting 
information, that its own is a node located in the NUT- 
established section, and establishes a channel to which 
NUT should be set. The setting information relay unit 11 
refers to the NUT table information and recognizes that 
the sender node ID is N5 . Therefore, the unit 11 relays 
the NUT setting information. 

At step S17, the channel establishment unit 12 in 
the node N4 recognizes, from the relayed NUT setting 
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information, that its own is not a node located in the 
NUT-established section. The setting information relay 
unit 11 recognizes, from the NUT table information, that 
the sender node ID is N5. Thus, the unit relays the NUT 
setting information. 

At step S18, the setting information relay unit 11 
in the node N5 receives the NUT setting information 
indicating that the sender node ID is N5, and recognizes 
that the NUT setting information has been circulated once. 
Then, the unit 11 stops relaying. 

In the above-mentioned manner, the NUT setting 
information is relayed to all the nodes in the ring 



Q 

l M network from the setting information relay unit 11 in an 

!|\ arbitrary node, whereby the NUT channel can be established 

UP 15 in the designated section. 

Q 

fjS A description will now be given of a configuration 

O 

fTJ of the node that operates as shown in FIGS . 2 and 3 . FIG . 

4 is a diagram of a configuration of the node. A node 10-1 
shown in FIG. 4 includes a NUT setting information 

20 management part 11a, a NUT setting information relay part 
lib, and the channel establishment unit 12. The NUT 
setting information management part 11a and the NUT 
setting information relay part lib are included in the 
setting information relay unit 11. 

25 The NUT setting information management part 11a 

stores and manages the NUT setting information (including 
the NUT table information) that is externally set or 
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relayed. The channel establishment unit 12 establishes the 
NUT channel on the basis of the NUT setting information 
stored and managed. 

The NUT setting information relay part lib relays 
and controls the received NUT setting information on the 
basis of a table Tl shown in FIG. 4. The table Tl is 
primarily grouped into a case where the sender node ID is 
not available in the NUT table information and another 
case where the sender node ID is available therein. 

In the case where no sender node ID is available, 
if the node of interest is the start node from which the 
NUT-established section starts or a node located in the 
NUT-established section, the node relays the NUT setting 
information. If the node of interest is the end node with 
which the NUT-established section ends, the node stops 
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relaying . 

In the case where the sender node ID is available, 
if the node of interest is the start node from which the 
NUT-established section starts or a node located in the 

20 NUT-established section, the node relays the NUT setting 
information. If the node of interest is the end node with 
which the NUT-established section ends or a node outside 
of the NUT-established section, the node relays the NUT 
setting information. If the node of interest is the 

25 sending node, it stops relaying the NUT setting 
information . 

A case will now be described where a message for 
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execution of establishment in response to a request for 
establishment of NUT is relayed and a NUT channel is 
established in the designated section. FIG. 5 is a diagram 
of a sequence from the setting of NUT to its establishment. 
5 The following description is directed to a case where the 
node Nl is the start node for NUT setting and the node N3 
is the end node in a part of the BLSR network, NUT being 
established between the nodes Nl and N3 . 

At step S21, the operator sets the NUT setting 

f% 10 information in the start node Nl so that the NUT table 

5 

iM information in the NUT setting information describes that 
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the start node ID and the end node ID are respectively Nl 
and N3 and the relay direction is that from the west to 
the east. 

At step S22 , the setting information relay unit 11 
in the node Nl sends the NUT setting information to the 
node located in the relay direction indicated by the NUT 
table information. The above NUT setting information 
includes a message of a request for establishment of NUT. 
The NUT setting information including the above request is 
sent to the end node N3 via the node N2 . 

At step S23, each of the nodes Nl - N3 retains 
information necessary for NUT establishment such as the 
NUT table information . 

At step S24, the setting information relay unit 11 
of the node N3 sends a NUT establishment request back to 
the node Nl via the node N2 as a response. 
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At step S25, when the node Nl receives the NUT 
establishment request, its channel establishment unit 12 
establishes NUT to the corresponding channel . 

At step S26, the setting information relay unit 11 
sends the NUT setting information including the message 
indicating execution of NUT establishment to the end node 
N3 via the node N2 . 

At step S27, the nodes N2 and N3 receive the 
execution of NUT establishment, the respective channel 
establishment units 12 establish the NUT channel based on 
the retained information. 

At step S28, the node N3 establishes the NUT 
channel, and its setting information relay unit 11 sends 
the execution of NUT establishment back to the node Nl via 

O 

W 15 the node N2 . 

U1 At step S29, when the setting information relay 

o 

jU unit 11 in the node Nl receives the execution of NUT 

establishment, the unit 11 deems the NUT channel to have 
been established and stops relaying. 

2 0 Next, a description will be given of an operation 

in which NUT setting information is set via an arbitrary 
node, and a message for execution of establishment in 
response to a request for establishment of NUT is relayed, 
so that a NUT channel can be established in the designated 

2 5 section. FIGS. 6 and 7 are diagrams of a sequence from the 
setting of NUT and its establishment. 

FIGS . 6 and 7 illustrate a BLSR network in which 
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nodes Nl - N6 are connected in a ring formation. The 
following description is directed to a case where the node 
Nl is the start node for NUT setting and the node N3 is 
the end node in the BLSR network, NUT being established 
between the nodes Nl and N3 . FIG. 6 shows steps S31 - S34 
of the sequence, and FIG. 7 shows steps S35 - S39 thereof. 

At step S31, the operator sets the NUT setting 
information in the node N5 that is an arbitrary node. The 
NUT table information in the NUT setting information 
describes that the start node ID and the end node ID are 
respectively Nl and N3 and the relay direction is that 
from the west to the east. Further, the NUT table 
information has an item indicative of the sender node ID, 
which is N5 in the case being considered. 

At step S32 , the setting information relay unit 11 
in the node Nl sends the NUT setting information including 
a message for a request for establishment of NUT to the 
node located in the relay direction indicated by the NUT 
table information. The NUT setting information including 
the request for NUT establishment is sent to the end node 
N3 via the nodes N6, Nl and N2 . 

At step S33, the nodes Nl — N3 retain information 
necessary for NUT setting such as the NUT table 
information . 

At step S34, the setting information relay unit 11 
in the node N3 recognizes that the sender node ID is N5 
from the NUT table information, and relays the NUT setting 



information including the request for NUT establishment 
via the node N4 . 

At step S35, the node N5 receives the NUT setting 
information including the request for NUT establishment, 
its setting information relay unit 11 sends the NUT 
setting information including execution of NUT 
establishment . 

At step S36, the execution of NUT establishment is 
sent to the end node N3 via the nodes N6, Nl and N2 . 

At step S37, the nodes Nl - N3 receives the 
establishment of NUT execution, the respective channel 
establishment units 12 establish the NUT channel on the 
basis of the retained information. 

At step S38, the node N3 establishes the NUT 
channel, and then sends the NUT setting information 
including the execution of NUT establishment back to the 
node N5 via the node N4 . 

At step S39, when the setting information relay 
unit 11 of the node N5 receives the execution of NUT 
execution, it deems the NUT channel to have been 
established, and stops relaying. 

As described above, the setting information relay 
unit 11 sends the NUT setting information including the 
message of the request for establishment, and sends the 
establishment execution message after receiving the 
returned normal response. The channel establishment unit 
12 in the node that receives the establishment execution 



message establishes the NUT channel. Thus, it is possible 
to prevent occurrence of an erroneous operation such that 
erroneous NUT setting is established when information 
necessary for NUT setting is not correctly propagated due 
to a fault or the like. 

A description will now be given of a node 
configuration that conforms to the operation shown in FIGS. 
5 through 7. FIG. 8 is a diagram of a node configuration. 
A node 10-2 sown in FIG. 8 includes the NUT setting 
information management part 11a, a NUT setting information 
relay part 11c, and the channel establishment unit 12. The 
NUT setting information management part 11a and the NUT 
setting information relay part 11c are included in the 
setting information relay unit 11 . 

The NUT setting information management part 11a 
stores and manages the NUT setting information (including 
the NUT table information) that is externally set or 
relayed. The channel establishment means 12 establishes 
the NUT channel on the basis of the NUT setting 
information stored and managed. 

The NUT setting information relay unit 11c relays 
and controls the received NUT setting information (NUT 
table information, request for NUT establishment, and 
execution of NUT establishment) on the basis of a table T2 . 
The table T2 is primarily grouped into a case where the 
sender node ID is not available in the NUT table 
information and another case where the sender node ID is 
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available therein. 

In the case where no sender node ID is available, 
if the node of interest is the start node from which the 
NUT-established section starts, the NUT setting 
5 information is processed as follows. When the NUT setting 
information is externally set, it is sent. When the NUT 
setting information that is turned back and relayed 
includes the request for NUT establishment, the NUT 
setting information is turned back including the execution 
10 of NUT establishment. When the NUT setting information 

that is turned back and relayed includes the execution of 

1 

Q NUT establishment, transmission is stopped. If the node of 

interest is a node located in the NUT-established section, 
the NUT setting information is relayed. If the node of 
ij 15 interest is the end node with which the NUT-established 

o 

j_n section ends, the NUT setting information is turned back 

3 

fy and sent. 

In the case where the sender node ID is available, 
if the node of interest is the start node from which the 
20 NUT-established section starts or a node located in the 
NUT-established section, the node relays the NUT setting 
information. If the node of interest is the end node with 
which the NUT-established section ends or a node outside 
of the NUT-established section, the node relays the NUT 
25 setting information. 

In the case where the node of interest is the 
sending node, if the relayed NUT setting information 
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includes the request for NUT establishment, the NUT 
setting information is relayed together with execution of 
NUT establishment. If the relayed NUT setting information 
includes the execution of NUT establishment, the relay of 
5 the NUT setting information is stopped. 

In the above description, the NUT channel is 
established by transferring the NUT setting information 
between the nodes that are parts of the ring network. 
Alternatively, each node may individually set NUT from 
■Jjj 10 maintenance terminal equipment. Also, in the foregoing, 
g information from the request for NUT establishment to 

'% execution thereof is relayed to thus establish the NUT 

5 S channel. The establishment of NUT can be efficiently 

?■ released similarly by relaying a request for release. 

■Jj' 15 A format of the NUT setting information is 

.Sj described below. FIG. 9 is a diagram of the NUT settina 

3 

;U information, which is inserted into the D bytes out of the 

SONET overhead bytes and is relayed between the nodes. 

In the BLSR network, a control called squelch is 
20 performed. When multiple faults occur in the BLSR network, 
which is broken, some signals do not arrive at the target 
nodes. These signals may be sent to other nodes by switch 
or bridge. In this case, since the signals do not reach 
the target nodes, the signals are replaced by path alarm 
2 5 indication signals (AIS-P) . The above control is called 
squelch . 

Information about squelch is sent by using the D 
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bytes. The NUT information of the present invention uses 
the D bytes while sharing a squelch table. The details of 
squelch do not directly relate to the present invention, 
and a description thereof will be omitted here. 

In FIG. 9, D6#2, D5#2 , D5#3 and D5#4 are commonly 
used for transmission of the NUT setting information and 
the squelch table. An idle (new) byte is exclusively used 
for transmission of the NUT setting information. 

FIGS. 10 through 12 show the contents of the D 
bytes. Bit 1 of the D6#2 byte indicates updating of data, 
and is "0" while data is being updated so that the NUT 
setting information is inhibited from being written. Bit 2 
of the D6#2 byte is fixed to "1", and bit 3 thereof is an 
odd parity bit for bits 4-8. The bits 4-8 indicate the 
addresses of the squelch table and a NUT table RAM (which 
will be described later with reference to FIGS. 13 and 14). 

Bits 1 and 2 of the D5#2 byte are exclusively used 
for the squelch table (the contents thereof are omitted) , 
and bits 3-8 are the six lower bits of the addresses of 
the squelch table and the NUT table RAM. The address of 
the NUT table RAM consists of bits 3 - 8 of the D5#2 byte 
and bits 4 - 8 of the D6#2 byte (11 bits) . 

Bits 1 - 4 of the D5#3 byte shown in FIG. 11 
indicate the start node ID, and bits 5-8 thereof 
indicate the end node ID. 

Bit 1 of the D5#4 byte indicates the type of 
information transferred. More particularly, "1" of bit 1 



of the D5#4 byte indicates the squelch table, and "0" 
thereof indicates the NUT setting information. Bit 2 of 
the D5#4 byte is fixed to "1". Bits 3-8 indicate a CRC6 
check code for bits 3 - 8 of D5#2 and bits 1 - 8 of D5#3 . 

Bit 1 of the new byte shown in FIG. 12 indicates 
the type of NUT. More particularly, "1" of bit new byte 
indicates the basic NUT, and "0" thereof indicates the 
enhanced NUT. Bits 2 - 3 of the new byte indicate the 
state of transfer of the NUT table. More particularly, 
bits 2-3 of the new byte indicate a NUT setting releasing 
state, and "01" indicates a NUT setting release request 
state, "10" indicating a NUT setting establishment state, 
and "11" indicating a NUT setting establishment request 
state. Bit 4 of the new byte indicates the relay direction. 
More particularly, "1" indicates the east-to-west 
direction, and "0" indicates the west-to-east direction. 
Bits 5-6 are a group identifier. The optical carrier 
level OC192 is divided into four groups each consisting of 
48 levels (this will be described later with reference to 
FIGS. 13 and 14). Bit 7 is fixed to "1", and bit 8 is an 
odd parity bit for bits 1-6. The above-mentioned format 
does not include the sender node ID. When the NUT setting 
is performed via an arbitrary node, bits of another idle 
byte among the D bytes are used for insertion of the 
sender node ID. 

FIGS. 13 and 14 show a table that describes the 
correspondence between the write address and the NUT 
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channel. A -table T3 is owned by each node, and Includes 
items of group, RAM (NUT table RAM), span, CH-No. (channel 
number), and Add/Drop. The table T3 handles the optical 
carrier levels from OC 48 to OC192 (9.953280 Gb/s) . 

Groups 0-3 are defined by equally dividing 192 
channels of OC192 into four groups. Group 0 consists of 
CHI - CH48, and group 1 consists of CH49 - CH96, while 
group 2 consists of CH97 - CHI 4 4 and group 3 consists of 
CH145 - CH192. 

For example, group 0 of the table T3 is used for 
the BLSR network of OC48, and all of groups 0-3 are used 
for the OC192 BLSR network. Each group is designated by 
bits 5 and 6 of the new byte shown in FIG. 9. 

The RAM indicates the write address of the RAM in 
which the NUT table information is stored, and corresponds 
to bits 4 - 8 of the D6#2 byte shown in FIG. 9 and bits 3 
- 8 of the D5#2 byte. 

The span indicates the set of SONET lines between 
two adjacent nodes. Since the BLSR network can be formed 
by 16 nodes at maximum, the span assumes 1 - 16. The item 
CH-No. indicates a channel to which NUT should be set. The 
item Add/Drop indicates add/drop for tributary. 

For example, CHI of span 1 is established as a NUT 
channel when the received NUT setting information 
indicates that bits 5 and 6 of the new byte indicate group 
0, and bits 4 - 8 of the D6#2 byte and bits 3 - 8 of the 
D5#2 byte designate a write address 000. 



The route switch control unit 13 is described 
below. FIGS. 15 through 17 are diagrams for explaining the 
operation of the route switch control unit 13. FIGS. 15 
through 17 show an application of the present invention to 
a fault end switching method in which line switching is 
performed at end nodes adjacent to the fault in order to 
bypass the fault in the BLSR network. 

The BLSR network shown in FIGS. 15 through 17 has 
nodes Nl - N7 connected in the ring formation, and spans 
Spl - Sp7 are defined as routes between the nodes. As 
shown in Fig. 15, the nodes Nl and N5 communicate with 
each other via nodes N6 and N7 using CHI. In span Sp6, 
CH25 has been established as a NUT channel. The following 
description is directed to a case where a line fault 
occurs in span Sp7. 

As shown in FIG. 16, if NUT is not set to the BLSR 
network, the route switch control units 13 of the end 
nodes Nl and N7 adjacent to the fault switch the channel 
from CHI to CH25 as indicated by the broken line, so that 
the fault can be bypassed. 

In the above case, CH25 is set as the NUT channel 
in span Sp6 between the nodes N6 and N7 . Thus, as shown in 
FIG. 17, the route switch control units 13 of the nodes Nl 
and N7 give priority to NUT setting, and do not switch the 
channel from CHI to CH25. That is, working of CH25 is 
given higher priority than bypass control needed for the 
fault that places CHI out of service. Therefore, even when 



a fault occurs in span Sp7, drop to the tributary as shown 
is enabled between the nodes N6 and N7 using CH25 . 

FIGS. 18 through 20 are diagrams of an operation 
of the route switch control unit 13 and show an 
5 application of the present invention to a path end switch 
method in which line switching is performed at a path end 
in the BLSR network (this type of BLSR network is called 
submarine BLSR) . 

The BLSR network shown in FIGS. 18 through 20 has 
M 10 nodes Nl - N8 connected in the ring formation and routes 

o 

C3 between the nodes are spans Spl - Sp8. As shown in FIG. 18, 

Q the nodes Nl and N6 communicate with each other via the 

•J) 

\M nodes N7 and N8 using CHI . The nodes 171 and N6 are located 

at the path ends . A communication takes places via the 

o 

§ 15 span Sp2 between the nodes N2 and N3 using CH25 (PCA: 

0 

iH Protection Channel Access) . CH25 on the span Sp4 between 



o 



the nodes N4 and N5 has been established as a NUT channel. 
Under the above situation, a case will now be considered 
where a line fault occurs in the span Sp8 . 

As shown in FIG. 19, if NUT has not been set to 
the BLSR network, the route switch control units 13 of the 
nodes Nl and N6 located at the fault ends switch the 
channel from CHI to CH25 as indicated by the dotted line 
so as to bypass the fault. That is, CH25 between the nodes 
N2 and N3 is used to restore the fault of CHI. 

In contrast, the case being considered has CH25 to 
which NUT has been set in the span Sp4 between the nodes 
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N4 and N5 . Thus, as shown in FIG. 20, the route switch 
control units 13 of the nodes Nl and N6 give priority to 
NUT setting even if a fault occurs in span Sp8, and do not 
switch the channel from CHI to CH25. Thus, even if a line 
fault occurs in the span Sp8, drop to the tributary is 
enabled between the nodes N2 and N3 and the N4 and N5 
using CH25 . 

As described above, the transmission device 10 of 
the present invention relays NUT setting information and 
determines whether its own should set NUT to a channel for 
establishment of NUT. Further, the transmission device 10 
recognizes a section in which a NUT channel has been 
established and a fault bypass control condition in order 
to make route switching. Thus, it is possible to 
automatically configure setting of NUT channel in the BLSR 
network efficiently and precisely and to thus improve the 
transmission quality. 

As described above, the transmission device of the 
present invention relays setting information that places a 
specific channel out of a channel used for restoration, 
and determines, by referring to the setting information, 
whether a channel of interest should be placed out of a 
channel for restoration and establishing the channel. 
Further, the transmission device recognizes a section in 
which the channel that is not used for restoration has 
been established and a fault bypass control condition at 
the time of occurrence of a fault and performs a route 



switching control based on a result of recognition. 

Thus, it is possible to efficiently realize an 
automatic construction of NUT channel in the BLSR network 
precisely and to thus improve the transmission quality. 

The foregoing is considered as illustrative only 
of the principles of the present invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the extract construction and applications 
shown and described, and accordingly, all suitable 
modifications and equipments may be regarded as falling 
within the scope of the invention in the appended claims 
and their equivalents . 



